Coupled dispersionless (CD) equation is an important integrable model since it describes the current-fed string in a certain external magnetic field. Recently, Ablowitz and Musslimani introduced a class of reverse space, reverse time and reverse space and time nonlocal integrable equations, including nonlocal nonlinear Schrödinger equation, nonlocal sine-Gordon equation and nonlocal Davey-Stewartson equation etc. In this paper we study an integrable reverse space and time nonlocal CD equation. By applying the Darboux transformation, we present the one-soliton and twosoliton solutions for the nonlocal CD equation. We also show the asymptotic analysis of the one-soliton solution from nonzero seed and two-soliton solutions.
Introduction
As is well known, the study on dispersionless equation hierarchies is very important since it is frequently arisen in the mathematical and physical problems such as the theory of quantum fields, strings and conformal maps on the complex plane, etc [1, 2] .
The coupled dispersionless system was discussed by Konno and Oono [3] . The CD equation is given as follows: (1) q t + 2rr x = 0, r xt − 2qr = 0.
Many works have been done on this equation. The integrability of this equation was studied through the Painlevé analysis [4] . By applying a direct transformation, CD equation is related to the sine-Gordon equation [5] and nonlinear Klein-Gordon-type equations [6] . On the other hand, the complex CD equation is introduced [7, 8] ,
r xt − qr = 0.
The complex CD equation is proved to be gauge equivalent to the PohlmeyerLund-Regge model [7] . The connection of the motions of space curves to the real and complex CD equations is discussed in [8] . The relationship between the real (complex) CD equation, short pulse equation and the two-component extended Kadomtsew-Petviashvili hierarchy is also given in [8] .
Multi-soliton solutions of the CD equation have been obtained by using the Darboux transformation and the inverse scattering method [9, 10] . Besides, Konno and Kakuhata also proposed a generalized CD equation [11] . Its soliton solutions were found via the inverse scattering method [12] . The two-component generalization of the complex CD equation has been investigated [13] .
Very recently, Ablowitz and Musslimani introduced a class of reverse space, reverse time and reverse space and time nonlocal integrable equations, including nonlocal nonlinear Schrödinger equation, nonlocal sine-Gordon equation and nonlocal Davey-Stewartson equation, etc. [14, 15, 16] . The reverse space nonlocal nonlinear Schrödinger equation is written as
which is derived from the famous AKNS system. Motivated by the works on nonlocal integrable equations, we ask a question: what is the nonlocal CD equation? In this paper, we investigate the reverse space and time nonlocal CD equation. We will present its Darboux transformation. As an application of the Darboux transformation, we obtain the exact solutions for the nonlocal CD equation and show the asymptotic analysis of the one-soliton solution from nonzero seed and two-soliton solutions.
Reverse space and time nonlocal coupled dispersionless equation and its Darboux transformation
In this section, we will deduce the reverse space and time nonlocal CD equation, and construct the Darboux transformation to generate multisoliton solutions of the nonlocal CD equation.
The reverse space and time nonlocal CD equation can be derived from the following Lax pair:
where,
Under the condition q(x, t) = q(−x, −t), the compatibility condition of the linear spectral problem (4-6),
We remark here that this nonlocal CD equation is the nonlocal sine-Gordon equation mentioned in Refs. [15] and [16] . The Cauchy problem of this equation has been studied by the Riemann-Hilbert approach [17] . Now we consider the construction of Darboux transformation. We may express U and V as U = λP, (9)
where
We set
It is obvious that the the spectral problem (4) changes to
We hope to have
The matrices P [1] , K [1] are given by
For the nonlocal CD equation (7) (8) , we suppose the Darboux matrix as follows
is a 2 × 2 matrix to be determined and I is the 2 × 2 identity matrix. We can get the following relationship between P , K and P [1] , K [1] :
and the matrix M [1] is required to satisfy the following conditions
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Now we construct the matrix M [1] . Let λ 1 and λ 2 be two nonzero, distinct eigenvalues and
be eigenvectors corresponding to the eigenvalue λ j (j = 1, 2), respectively. Set
which is an invertible 2 × 2 matrix. Define Λ 1 = diag(λ 1 , λ 2 ). According to the linear system (4), H 1 holds for
satisfies the conditions (19-20). According to (17) and (18), we find the following relationship between new and old potentials:
with constraint conditions:
To derive two-fold Darboux transformation, set
where λ 3 and λ 4 are two nonzero, distinct eigenvalues and
are eigenvectors corresponding to the eigenvalue λ j (j = 3, 4), respectively. Denote Λ 2 = diag(λ 3 , λ 4 ). To construct two-fold Darboux matrix T [2] :
As (17) and (18) still hold for P [2] , K [2] and M [2] , we obtain the following formula:
and the relationship between the new and old potentials is given by
.
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Meanwhile, the constraint conditions for the two-fold Darboux transformation are
The Darboux transformation can be iterated N times to produce the multi-soliton solutions of the system. Let H 1 , H 2 , · · · H N be the set of particular solutions to the (22-23) at
. We can construct the N -fold Darboux transformation for the nonlocal CD equation, where
where for j = 2k − 1, 2k,
Thus, the relation between new and old potentials is written as
, with constraint conditions
Exact solutions for nonlocal coupled dispersionless equation
In this section, we will construct exact solutions of nonlocal CD equation and analyze their properties.
One-soliton solutions from zero seed
We first select r = 0 and q = b (b is a nonzero constant) as the zero seed solution. Under this case, the linear system (4) becomes
where (47)
and C ij (i, j = 1, 2) are nonzero constants. According to (26-27), we get the constraint of the four constants as:
When (48) holds, the expressions of q[1](x, t) and r[1](x, t) deduced from (24-25) are
(49) 
The shapes of solutions q [1] and r [1] are depicted in Fig. 1 . It can be seen that the amplitude of r [1] decreases exponentially as t increasing. Namely, it is a decaying soliton [8] . If λ 1 + λ 2 = 0, both q [1] 
(x, t) and r[1](x, t) satisfy q[1](−x, −t) = q[1](x, t) and r[1](−x, −t) = r[1](x, t)
, which means that they degenerate to the solution of CD equations (1) . For the case of s = 1, both of the solutions possess singularities on the line {(x, t)|2bλ 1 λ 2 x = t}. 
One-soliton solutions from non-zero seed
Select r = ρe kx+σt and q = kσ 2 as the non-zero seed solution. Then the spectrum problem (4) is:
(kx+σt)−ξj ,
λj t) and C j (j = 1, 2) are arbitrary constants. Thus, 
with s 1,2 = ±1. Thus, we obtain
where with
By direct calculations, we observe that these coefficients satisfy the following relations:
This means that for all the choices of s 1,2 , q(x, t) holds for q(x, t) = q(−x, −t). and λ 2 = 3, respectively. The same property of these solutions is that r [1] is a smooth but unbounded solution. But q [1] has different behaviors. The first is a bright-bright soliton; the second is a bright-dark soliton; the third is a dark-dark soliton. All these solutions do not degenerate to those of the classical CD equation. When two solitary waves collide together, the amplitudes of these solutions decrease. If we fix one of the eigenvalues and let the other go to λ 0 , which holds for δ 0 = (σλ 0 + 1) 2 − 4ρ 2 λ 2 0 = 0, the two-soliton q [1] degenerates to one-soliton, but the property of r [1] does not change. Now we present the asymptotic analysis to q [1] . Its asymptotic behaviors are described by (56)
where j = 1, 2, 3. Here, for case 1: λ 1 = −2 and λ 2 = −1, we have 
And for case 3: λ 1 = From the above analysis, it can be seen that the collision does not change the velocities and directions of the solitary waves of all these solutions. But, after the collision, every solitary wave has a phase shift. Moreover, the signs of α 1,(j) − α 5,(j) and α 2,(j) − α 5,(j) are related to the shapes of the solitary waves. For a positive sign, it is a bright soliton. For a negative sign, it is a dark soliton.
Two-soliton solutions from zero seed
Let us discuss the two-soliton solutions. First, set φ(λ 3 ) and φ(λ 4 ) as andC ij (i, j = 1, 2) are nonzero constants. Then, we can obtain the general two-soliton solutions, where the constraint condition is as follows: It is interesting to further investigate the nonlocal complex CD equation.
